ABSTRACT Background: New York City recently proposed a restriction to cap the portion size of all sugar-sweetened beverages (SSBs) sold in food-service establishments at 16 oz (473 mL). One critical question is whether such a policy may disproportionally affect lowincome or overweight individuals. Objective: The objective was to determine the demographic characteristics of US individuals potentially affected by a 16-oz portionsize cap on SSBs and the potential effect on caloric intake. Design: We analyzed dietary records from the NHANES 2007-2010. We estimated the proportion of individuals who consumed at least one SSB .16 fluid oz (473 mL) in restaurants by age, household income, and weight status. Results: Of all SSBs .16 oz (473 mL) purchased from foodservice establishments, 64.7% were purchased from fast food restaurants, 28.2% from other restaurants, and 4.6% from sports, recreation, and entertainment facilities. On a given day, the policy would affect 7.2% of children and 7.6% of adults. Overweight individuals are more likely to consume these beverages, whereas there was no significant difference between income groups. If 80% of affected consumers choose a 16-oz (473-mL) beverage, the policy would result in a change of 257.6 kcal in each affected consumer aged 2-19 y (95% CI: 265.0, 250.1) and 262.6 kcal in those aged $20 y (95% CI: 267.9, 257.4). Conclusion: A policy to cap portion size is likely to result in a modest reduction in excess calories from SSBs, especially among young adults and children who are overweight. Am J Clin Nutr 2013;98:430-5.
INTRODUCTION
In June 2012, New York City (NYC) proposed a new policy to cap the portion size of all sugar-sweetened beverages (SSBs) sold in all restaurants at 16 oz (473 mL). The NYC Board of Health, led by Health Commissioner Thomas Farley, approved the proposal on 13 September 2012 on the basis that this rule will help shift the default portion size and reduce the consumption of empty calories in a population with major obesity and diabetes burdens. Over the past several decades, portion sizes in the marketplace have increased dramatically-for instance, when first introduced in 1955 (1), the regular-size soda at McDonald's was 7 oz (207 mL); today, the chain offers 12-oz drinks as the child size (355 mL, 110 kcal), 16-oz drinks (473 mL, 150 kcal) as small, 21-oz drinks (621 mL, 210 kcal) as medium, and 32-oz drinks (946 mL, 310 kcal) as large (2) . In 1999-2004, an average US teen consumed 301 kcal/d in SSBs, which is 13% of their total daily calories; young adults aged 20-44 y consumed 203 kcal/d in SSBs, which is 9% of their daily calories. An average adolescent weighing 157 lb (71 kg) would need to walk 5.3 miles (8.5 km) to burn off 300 kcal, representing a substantial challenge to an individual or a community's efforts to maintain energy balance. Two recent randomized control trials showed that reducing the intake of SSBs is an effective strategy in promoting healthy weight in children and adolescents (3, 4) .
Elbel et al (5) analyzed 1624 receipts from fast food restaurant patrons and estimated that 62% of all beverage purchases were subject to the policy. They estimated that such a policy could result in a reduction of up to 63 kcal (95% CI: 61, 66 kcal) in SSB calories purchased in these establishments. Unless .80% of affected consumers purchase a second 16-oz beverage (32 oz in total)-a relatively unlikely scenario-the policy is likely to result in a net reduction in SSB calories in NYC. Little is known, however, about the demographic characteristics of individuals to be affected by such a policy and the purchases in food establishments other than chain fast food restaurants.
In this study, we aimed to estimate the proportion of adults and children that would be affected by a cap on large servings of SSBs if the NYC proposal were implemented at the national level. One critical question regarding the implications of the portion restriction we sought to address is whether it disproportionally affects low-income individuals and whether it may have different effects by age and body weight status.
METHODS
We analyzed the dietary records from the 2 most recent NHANES, conducted in 2007-2008 and 2009-2010 . NHANES is a continuous cross-sectional survey that employs a stratified, clustered design to produce nationally representative estimates of the health status, behavioral, and dietary patterns of the US population. Our analysis is based on 19,147 subjects who completed a dietary recall (reported by proxy for children younger than 6 y) that contains the description, quantity, and source of all food and beverage consumed over the previous 24 h. NHANES also contains a wide range of demographic variables and objectively measured height and weight.
We defined the items subject to the policy as the reported number of SSBs consumed (including soda, fruit punches, sweet tea, sports drinks, and any nonalcoholic drinks containing caloric sweeteners) in one eating occasion that were larger than 16 oz (473 mL) and purchased from restaurants with waiters or waitress; fast food and pizza restaurants; bars, taverns, or lounges; other restaurants; sport, recreation, or entertainment facilities; or street vendors and vending trucks. We refer to these locations as "food-service establishments" in the remainder of the article. We then dichotomized individuals based on whether the respondent reported consuming any number of qualifying SSBs (.473 mL in one sitting from food-service establishments) in the previous 24-h period. The proportions are reported by age group (2-5, 6-11, 12-19, 20-44, 45-64, or $65 y), sex, household income (,130% federal poverty level or $130% federal poverty level), and weight status (overweight/obese or not overweight/obese). Overweight/obesity was defined as having a BMI (in kg/m 2 ) .25 in adults aged $20 y and as a BMI greater than the 85th percentile for children and adolescents, according to the CDC growth charts (6) . Statistical analyses were performed in SAS 9.2 (SAS Institute) and included adjustments for the complex survey design and unequal probability of sampling.
On the basis of the consumption size and the calories and grams of added sugar contained in qualifying SSBs, we estimated the potential changes in calories and sugar consumed from these beverages. Similarly to the analysis by Elbel et al (5), we varied the percentage (0%, 20%, 50%, 80%, and 100%) of affected respondents to switch to a 16-oz beverage; other respondents were assumed to purchase two 16-oz drinks (946 mL in total). The mean reductions in caloric intake and added sugar under each of the 5 "downsizing" scenarios were estimated by randomly drawing the corresponding percentage (eg, 80%) of affected NHANES respondents to switch to a 16-oz beverage. The simulated differences in calories and grams of sugar were subsequently aggregated across the entire population. The 95% CIs were estimated by using 1000 Monte Carlo simulations performed with the use of @Risk (version 5.7; Palisade Corporation).
RESULTS
Of all SSBs .16 oz (473 mL) purchased from food-service establishments, 64.7% were purchased from fast food restaurants (Figure 1) , followed by 28.2% from other restaurants and 4.6% from sports, recreation, and entertainment facilities.
Consumption of SSBs on any given day is most common among older children, adolescents, and young adults ( Table 1 and Figure 2 ). Over the 24-h period surveyed, 71.3% of children and 56.7% of adults consumed any SSB-a decrease of 80% (children) and 63% (adults) from 1999-2004 (7, 8) . A total of 7.2% of children and 7.6% of adults consumed an SSB .16 oz (473 mL) purchased from a food-service establishment. A total of 11.8% adolescents aged 12-19 y and 11.1% young adults aged 20-44 y consumed at least one SSB on the surveyed day that was .16 oz (473 mL) in a food-service establishment. Although low-income individuals are more likely to consume any SSB (Table 1 and Figure 2 ), we did not observe significant differences in the percentage of individuals consuming SSBs that are .16 oz (473 mL) in food-service establishments. On the other hand, overweight and obese individuals-in particular children 6-11 y of age and young adults-are more likely to consume large portion-sized SSBs than their normal-weight peers.
The estimated effect on calories (kcal) and sugar (g) consumed from a hypothetical nationwide implementation of the policy is summarized in Table 2 (per capita) and Table 3 (among NHANES subjects consumed at least one SSB $16 oz). Population-wide (Table 2) , if all affected consumers switch to the 16-oz beverage-the upper bound of the proposed policy-we estimated a per-capita reduction of 6.3 kcal/d in youths and 6.9 kcal/d in adults. The absolute reductions in SSB calories and in sugar are larger among overweight and lower-income adults and children. Among only individuals who consumed large SSBs, we estimated that the proposed restriction would result in a reduction in calories by up to 102 kcal/d in adults and up to 99 kcal/d in youths. More realistically, when we assume 80% of individuals affected by the policy downsized to a 16-oz drink (and 20% of consumers "upsize" to two 16-oz drinks), the cap of the proposed restriction, the caloric effect would be 257.6 (95% CI: 265.0, 250.1) in children and 262.6 (95% CI: 267.9, 257.4) in adults, corresponding to a reduction in added sugar of 213.8 (w3.5 teaspoons; 1 teaspoon = 4 g; 95% CI: 215.5, 212.0) g in children and 215.1 (w3.8 teaspoons; 95% CI: 216.4, 213.9) g in adults.
Per capita reductions in calories and added sugar are greater among overweight youths and adults under this scenario (Table  2) . Youths from lower-income households were likely less affected by the policy than were higher-income youths.
However, some consumers may decide to purchase more than one beverage in response to the smaller portion size offered. If only half of the affected individuals downsize to a 16-oz beverage, whereas the other half purchase two 16-oz beverages (totaling 32 oz), then the net caloric effect would not be significantly different from zero (Tables 2 and 3) .
DISCUSSION
In this report, we analyzed nationally representative dietary data from 2007 to 2010 to inform the policy discussions surrounding NYC's proposal to limit portion sizes of SSBs in foodservice establishments. We found that approximately two-thirds of SSBs .16 oz (473 mL) from food-service establishments were served in fast food restaurants, which suggests that meal purchases at fast food restaurants will be most affected by a portion restriction on beverages (5). Fast food consumption has been associated with greater energy intake, lower diet quality, and increased risk of obesity (9); it follows that potential changes made by fast food restaurants and their patrons in response to a cap on portion sizes would likely constitute the main effect of the proposed policy. Our analysis also found that the proposed policy would likely have the greatest effect on adolescents and young adults. More importantly, this ban is likely to disproportionally reach young consumers who are currently overweight or obese. 1 Overweight/obesity is defined as a BMI .25 kg/m 2 in adults aged $20 y and .85th percentile for children and adolescents according to the CDC growth charts. Estimates were adjusted for unequal probability of sampling. *Significant difference between groups, P = 0.05 (chi-square test). PIR, poverty-income ratio; SNAP, Supplemental Nutrition Assistance Program; SSB, sugar-sweetened beverage. 2 Income ,130% of the poverty line corresponds to the federal floor for a household's eligibility for the SNAP (formerly known as Food Stamps). In fiscal year 2010, 96.4% of SNAP households lived at or below 130% of the Federal poverty line (http://www.fas.org/sgp/crs/misc/R42054.pdf).
Although low-income individuals tend to consume more SSBs, in our analysis we did not find evidence that a cap on serving size would disproportionally affect low-income individuals. Existing evidence is inconclusive on whether low-income consumers are more or less price sensitive in their SSB purchases than are their higher-income consumers. As a result, one major uncertainty 1 All values are means; 95% CIs in parentheses. The 95% CIs were estimated by using 1000 Monte Carlo simulations performed by using @Risk (version 5.7; Palisade Corporation). Overweight/obesity is defined as having a BMI .25 kg/m 2 in adults aged $20 y and .85th percentile for children and adolescents according to the CDC growth charts. PIR, poverty-income ratio; SNAP, Supplemental Nutrition Assistance Program; SSB, sugar-sweetened beverage. 2 Income ,130% of the poverty line corresponds to the federal floor for a household's eligibility for the SNAP (formerly known as Food Stamps). In fiscal year 2010, 96.4% of SNAP households lived at or below 130% of the Federal poverty line (http://www.fas.org/sgp/crs/misc/R42054.pdf).
3 "Downsize" refers to the switch by consumers to a 16-oz beverage-the maximum portion size under the New York City rule. For example, "80% downsize" refers to a scenario in which 80% of affected consumers would buy and consume a 16-oz (437-mL) beverage and the remaining 20% would buy and consume two 16-oz beverages (total of 32 oz). remains on the extent to which lower-income individuals would downsize to purchase a smaller-sized beverage as intended by the policy. If low-income individuals are indeed more price sensitive, one can anticipate that a portion-size cap would have a larger effect on curbing their consumption because the cost of purchasing multiple small-size beverages represents a larger share of their household income. On the other hand, it remains a possibility that price-conscious consumers are more likely to purchase a large-sized beverage at locations exempt from the NYC-style policy, such as bodegas and grocery stores, instead of ordering from restaurants. Insights on these remaining uncertainties will have to be obtained from empirical research. It is important to note, however, that given that the negative health consequences of excess SSB intake (ie, obesity and diabetes) cluster in lowincome communities, the health benefit gained from reducing SSB consumption may be greater for low-income individuals.
Our analysis has several limitations. We defined portion size based on the quantity of beverages reported for each eating occasion. It is possible that those who purchased a beverage .16 oz (473 mL) only consumed part of it or shared it with others. Because NHANES is based on reported consumption, it may result in an underestimate of the percentage of the population affected by the policy. In contrast, if an individual consumed 2 beverages in one sitting (eg, two 12-oz cans), we would treat it in our data set as a 24-oz drink and subject it to the portion cap, which would result in an overestimate. The results of this analysis are also constrained in making local inferences; NYC, a city known to have a great density of restaurants (24,000, according to the NYC Health Department), vending carts/trucks, and a culture of eating away from home, may be unique in the food environment and consumer demographics. Methodologically, our Monte Carlo simulation based on NHANES respondents did not account for the complex survey design and is likely to result in an underestimate of variance. Finally, as in all dietary surveys, recall bias and inaccuracies in consumption were possible.
A typical 16-oz soda contains w180 kcal and 13 teaspoons of sugar. On a given day, 11.8% of teens and 7.6% of adults in the United States consume an SSB .16 oz (473 mL) from foodservice establishments-which represents .2 million individuals nationwide. Hence, the main rationale behind the NYC proposal is to address the excess consumption of these empty calories by resetting the default portion size. Behavioral research has established that when we are served more food, we eat more of it (10, 11) . Our previous research also found that it was the increase in the average amount consumed, rather than the increase in the proportion of consumers, that was driving the increase in per capita consumption of SSBs (7) . Under the proposed policy, although restaurants are free to offer free refills or special discounts on multiple servings, it is likely to lead to a modest reduction in SSB calories and sugar consumed. The possibility that some consumers will purchase more than one 16-oz (473-mL) drink or purchase beverages from locations not subject to the policy (eg, grocery stores or bodegas) may offset the intended caloric reduction for some, although not everyone. The extent to which consumers would downsize as intended by the proposed policy or purchase from locations not subject to the policy and the potential change in business practices (eg, offering 2-for-1 deals) by food-service establishments are questions that can only be answered through empirical research. The net effect on population weight status is therefore uncertain.
In conclusion, a policy to cap the portion size of SSBs served in food-service establishments is likely to reduce the consumption of calories and sugar. Although the NYC proposal was recently struck down by the NYC Supreme Court as placing "arbitrary and capricious" limits on sugary drinks, the debate will likely continue to unfold. Assessment of consumer and business response and the downstream health effect in the long run will greatly inform similar initiatives to curb the consumption of SSBs in other localities.
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